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1.’ lntrocluction

A 20 G1lz  active  receive slot array has been devdopd  fcm operation in the dowlllillk  frc-
qucmcy bancl of NASA’s Advanmd  (;olrlrrl~lllicatiotl  ‘lkchnology  Satdlite  (ACrl’S) for the
ACTS Mobile ‘1’crmind  (Ah4T) project. ‘1’hc AMT is to dcmor)strate  voice ard data com-
munication bctwccn  a mobile tcmlinal  in lm Angeles, CA, and a fixed t,mninal ill Cleveland,
011, via the AC1’S satellite [1]. Satdlito  tracki)lg  for the laml-rnobilc  vdicular  arltc~l~la  sys-
tcm involves “lmchanicd  dithering” of the antenna, where  the antcmtla systcnn radiates  a
fixed beam  46° above t}w horizon, rccciving  vertical polarization and  tral~slnittir]g  horizon-
t d polarization at 20 and 30 G I 17,, mspcct  id y. ‘1’hc active  rccci vc array was clcsigrd as
a light weight, low profile mggd  active antenna, with low-cost, high-volume production
potential with easy integration of active  integrated circuit ccmr~)orwrlts.

‘1’he ac t ive  rcccivc array,  to bc Incmntd  on an &irlch  diar[lct,er turntable)  olwratcs  over
the ftequcncy  range  19 .914-20 .064  G]lx  with a minilrmm  systc:lll  G/rl’ .grmtcw tlmrl –8
d] l/°K. ‘1’hc main beam  poillts in a fixed direction 46° above the horizon, with atl dcvation
kmamwidth at least 12°, to compcmsate for vehicle pitch and  yaw.

‘1’hc active alltclll]a  col~sists  of an array  of fourtcwn  linear  series-fdty[m Inicmstrip slot
armys,  fourteen  packaged Monolithic Microwave lrltegratcd Circuit (M MIC) low noise am-
IJifim (1 ,NA) subrnocl~llcs  connected at each subarray  output, a 14-way Wilkillswl-type
lmwcr divider, and a final additional I,NA subn]odulc!  used as a drivc!r  am~)lificr.  ‘1’}lc ac-
tive rcccivc array was dmigtmd to achieve the rwccivc  sw]sitivity  rcquimncrlt  by placing
the I,NAs as close as possible to the antenna subarrays,  rr)irlirnizinp,  the losses that occur
ill front, of the amplifiers. ‘J’hc  addi t ional  driver  arrlplifier  furtlm minirnim  systcnn  C;/rl’

. sensitivity to losses that follow the antenna.

2. Slot Array

‘1’hc slot array consists of fourteen litmar  sul)arrays  spacd  0.648A0  apart. Nach lirmw scrics-
fcd-ty~w subarray  consists of eight slot elcl]m)ts  transversely, c~lc~trorrlagrlctically  cou~)lcd
to a shicldd  microstrip  line as s}mvn in l“igurc 1 [2]. l’;ach subarray  was dcsigtd  usillg
trmmnission  line .thcory  with cadl slot Idcled as a series iln~dancc.  <;i~aractcri7,atiol~  of
tlm slot dmncmts as a function of ofTmt was [mforvrml  both  thcorwtically  ald c:x~Jcrilllc~l)tally.
A1nplitudc  distribution along the array is pri![~arily a function of t}m derlmnt  offsets while
the ~nain  beam direction is primarily a fu]lctio]l  of the intc:rclemnlt  s~)acing.  While  vertical
shorting pins plarmi bctwmn  the slottd plane and the sl)ioldirlg  ground  ~datw wc!rc rwccssary
to supl)mss undesired wave prolmgation  for a sirlgle lilmr sul)array  [2], for the 14-colulnn
array, little difl”crcnce  was scwl] in masmd  pattcr[m  a!d gain witil ard without the shorting
pi]w. ‘]’hc dircctivity  of the array is a~qwuxilnatcly 22.3 dl~ ar]d tlm irlscrtion  loss was
lI]casllrcd to bc ap~)roxi!natdy  0.5- 1.0 dl~.
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MMIC: Moduk

‘1’0 provide a low-cost proof  -of-conccl)t active  rr)odulc for cornmcrcia]  al)plications,  the active
array dcvclopmcnt  cfiort  i]]corporated  commercial Mhl ICs housd it] off-the-shelf ~r]icrowmvc
dcvicc p,ackagcs [3]. ‘1’o exccwd the nlinimum  G/’l’ sl)ccification  of -8 d] l/°K, the 1,NA
sub]nodulcs  rquircd  ~ 4.0 d]] noise figures and > 17.5 dI\  gain. l’;ach 1,NA subn  Iodulc
consists of two ‘1’RW AT ,011102C M h41C 1,NAs housed in a standard package from St ratl;dgc
Corporation and mounted on a su})carricr. I,NAs with a low noise figure (< 3.3 d])) wwrc
sclcctcd  to be ill the first stage of the package and t}losc  with higher  gain (> 9 d] 1) were
selected to bc in the sccolld  stage. ‘J’hc suhrIlodulcs  exhibited an average noise flgurc of 3.9
dll and an average  gain of 18 d]].

‘1’hc MMIC  rcccivc module, cmlsisting  of 14 I,NA subtnodulcs,  a novc] 14-way Wilkillsorl
power divider [4], and a drivm- I,NA  sub]nodu]c  at the outImt, was tested and found to have
ap~mximately 19.8 d]) gain through each of the 14 patt  Is, with a maximuln  gaill  variation
of :11.0 dll ancl a Inaximum  phase  variatiml  of :1:110.

Rxpcrimental  Results

A prototype active antenna, SIJOWII ill Figure  2, is ~tlodular ill dc!sign, where each of the
colllpolmlts,  the array, the LNA suhInodulcs,  and the power divider, arc mourlted  onto a
sillglc  base plate by screws for tcstahility  and rcworkahility.  A nice feature of the! antenna
dcsigll  is that all circuitry and dcviccs,  i.e., tllc ~)ower dividing ~lctwork, the microstrip lines
of mch  subarray,  and the LNAs, are enclosed within the antenna fixture. 1 {adiation  froln
the antenna occurs only through the slot radiating elctnents,  thus mirlimizing  14;MC issues.
h4cawlred radiation pattcrlls  of the active receive array arc shown in Figure 3. Measured
gain of the .activc array, relative to a standard gain horl) (ar)proxin]ately  24 d]) at 19.914
Cllz), is Shown in l“igure 4. A~ld fillally,  cxlmrirncn)t,al  rcs{~lts  i n d i c a t e  tl]at C;/rJI at tllc
bcarrl  peak is approximately --5+ 1 dll/°K.
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Figure 1. I,il)car slot Sllt):i~t’iL~.
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(1))

l’igurc  2. Active  rmeivc  array. (a) View witllo[]t back ])latc.

(1)) CoIIlplc!tc  a.’m,lbly.
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Figure 4. Mc~~urd gain of active rcccivc  array.


